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ABSTRACT 
I g n i t i o n  delays and subsequent chamber pressure excursions i n  hydrazine cata-  
l y t i c  r eac to r s  had been a sc r ibed  t o  l i q u i d  hydrazine wetting t h e  outs ide surfaces  
of t he  porous c a t a l y s t  p a r t i c l e s  and wicking i n t o  t h e  pores by c a p i l l a r y  flow until  
s u f f i c i e n t  gas pressure i s  generated by r eac t ion  t o  expel  t h e  l i q u i d .  I n  an  attempt 
t o  provide q u a n t i t a t i v e  measurements of t h i s  phenomena experiments were conducted 
using high speed motion p i c t u r e  techniques t o  determine l i q u i d  hydrazine residence 
times a s  a func t ion  of t h e  adsorbed gas condi t ion of t h e  c a t a l y s t  and t h e  l i q u i d  
hydrazine/catalyst  temperature. 
l i t t l e  o r  no e f f e c t  on c a t a l y s t  a c t i v i t y  while hydrogen and ammonia were found t o  
have e f f e c t s  which var ied s i g n i f i c a n t l y  with the  gas conditioning pressure and with 
temperature. The implicat ion of these observations i s  t h a t  i g n i t i o n  delays i n  
hydrazine c a t a l y t i c  r eac to r s  are influenced by t h e  r eac to r  operating h i s to ry ,  p a r t i -  
c u l a r l y  the  shutdown t r a n s i e n t ,  as w e l l  as by t h e  l i qu id  hydrazine feed temperature. 
Nitrogen and carbon dioxide were found t o  have 
i 
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SUMMARY 
The Research Laboratories of United A i r c r a f t  Corporation with t h e  cooperation 
of t he  Hamilton Standard Division under Contract NllS 7-696 with t h e  National 
Aeronautics and Space Administration have performed a study of t h e  s t a r t u p  charac- 
t e r i s t ics  of c a t a l y t i c  r eac to r s  f o r  hydrazine decomposition. This second annual 
t e c h n i c a l  r e p o r t  summarizes work performed under t h i s  con t r ac t  from February 1, 1970 
t o  January 31, 1971. Work during t h i s  report ing period has included t h e  development 
of a l i q u i d  penetrat ion experiment which w a s  used t o  s tudy the  e f f e c t s  of c a t a l y s t  
ads orbed gas condi t ion and l i q u i d  hydrazine/catalys t temperature on t h e  residence 
times of l i q u i d  hydrazine within c a t a l y s t  pores.  This l i q u i d  pene t r a t ion  experiment 
uses high-speed photographic techniques t o  i n d i c a t e  when s u f f i c i e n t  gas pressure is  
generated by r eac t ion  t o  expel t h e  l i q u i d  hydrazine from t h e  pores of preconditioned 
c a t a l y s t  p a r t i c l e s .  
The gases se l ec t ed  f o r  s tudy of t h e i r  e f f e c t s  on t h e  l i q u i d  hydrazine residence 
time when adsorbed on t h e  porous c a t a l y s t s  were t h e  hydrazine decomposition products:  
ammonia, nitrogen, and hydrogen as w e l l  as carbon dioxide.  Nitrogen and carbon 
d.i.oxi.de were found t o  have l i t t l e  or no e f f e c t  on t h e  c a t a l y s t  a c t i v i t y  while 
hydrogen and ammonia were found t o  have e f f e c t s  which var ied s i g n i f i c a n t l y  with 
t h e  gas condi t ioning pressure.  While t h e  e f f e c t s  of tempeyature were somewhat 
obscured by the  e f f e c t s  of adsorbed gases, t h e  l i q u i d  hydrazine residence t i m e  w a s  
found t o  decrease with increasing temperature a 
1 
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INTRODUCTION 
Under Contract NAS 7-696, t h e  Research Laboratories of United Aircraft with 
t h e  cooperation of t h e  Hamilton Standard Division have performed a n a l y t i c a l  and 
experimental s t u d i e s  d i r e c t e d  a t  developing an understanding of t h e  s t a r t u p  
c h a r a c t e r i s t i c s  of c a t a l y t i c  r eac to r s  for hydrazine decomposition. During t h e  
f i r s t  year of con t r ac t  e f f o r t  i g n i t i o n  delays and subsequent chamber pressure ex- 
cursions i n  hydrazine c a t a l y t i c  r eac to r  systems were a t t r i b u t e d  t o  l i q u i d  hydrazine 
wet t ing t h e  outs ide surfaces  of t h e  porous c a t a l y s t  p a r t i c l e s  and wicking i n t o  t h e  
pores by c a p i l l a r y  flow ( R e f .  1). 
c l e s  prevents t h e  escape of gaseous decomposition products unti l  s u f f i c i e n t  gas 
pressure i s  generated t o  expel t h e  l i q u i d .  
t h e  simultaneous t r a n s i e n t  processes of mass t r a n s f e r ,  hea t  t r a n s f e r ,  and chemical 
r eac t ion  within a porous c a t a l y s t  p a r t i c l e  which i s  wet by l i q u i d  hydrazine was 
developed t o  p r e d i c t  t h e  gas pressure buildup and l i q u i d  hydrazine residence times 
within porous c a t a l y s t  p a r t i c l e s .  I n  add i t ion ,  a series of s t a r t u p  t e s t s  were con- 
ducted with instrumented hydrazine c a t a l y t i c  r eac to r s  packed with S h e l l  405 c a t a l y s t .  
Liquid hydrazine residence times wi th in  porous c a t a l y s t  p a r t i c l e s ,  ca l cu la t ed  using 
t h e  mathematical ana lys i s ,  were found t o  e x h i b i t  t h e  same dependence on temperature 
as induction periods measured i n  t h e  instrumented r e a c t o r  t e s t s .  This s i m i l a r i t y  
lends credence t o  t h e  l i q u i d  hydrazine penetrat ion mechanism as an  explanation f o r  
t h e  unusually long i g n i t i o n  delays and subsequent chamber pressure excursions ob- 
served during s t a r t u p  of hydrazine c a t a l y t i c  r eac to r s .  I n  an  attempt t o  provide 
q u a n t i t a t i v e  measurements of t h e  l i q u i d  pene t r a t ion  phenomena, t he  second year  of 
s tudy has been d i r ec t ed  a t  developing an experiment using high speed motion p i c t u r e  
techniques t o  determine l i q u i d  hydrazine residence t i m e s  as a func t ion  of t h e  ad- 
sorbed gas condi t ion of t h e  c a t a l y s t  and t h e  l i q u i d  hydrazine/catalyst  temperature. 
The l i q u i d  i n  t h e  pores of t h e  c a t a l y s t  p a r t i -  
A mathematical ana lys i s  which considers 
2 
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Experimental Apparatus 
To provide q u a n t i t a t i v e  measurements of t h e  residence times of l i q u i d  hydrazine 
within t h e  pores of a S h e l l  405 c a t a l y s t  p a r t i c l e  which has been w e t  by l i q u i d  
hydrazine, an experiment was developed u t i l i z i n g  high speed photographic techni-  
ques t o  i n d i c a t e  when gaseous decomposition products are expelled from t h e  p a r t i c l e .  
I n  t h i s  l i q u i d  penetrat ion experiment, which i s  i l l u s t r a t e d  i n  F igs .  1 and 2, t h e  
c a t a l y s t  p a r t i c l e  i s  completely i s o l a t e d  from l i q u i d  and gaseous hydrazine u n t i l  
t h e  experiment i s  i n i t i a t e d  and exposure of t h e  p a r t i c l e  t o  the  l i q u i d  hydrazine 
can be accomplished r ap id ly  without causing excessive motion of t h e  l i q u i d .  The 
l i q u i d  pene t r a t ion  r e a c t o r  c o n s i s t s  of a s t a i n l e s s  s t e e l  cyl inder  within which a 
p i s ton  i s  f i t t e d  t o  r egu la t e  t h e  l i q u i d  hydrazine l e v e l .  The c a t a l y s t  p a r t i c l e  
i s  a f f i x e d  t o  t h e  end of a Teflon rod by contact  cement and located behind a Pyrex 
window i n  t h e  cyl inder  w a l l .  To prevent exposure of a prepared c a t a l y s t  par t ic le  
t o  a contaminating atmosphere or hydrazine p r i o r  t o  i n i t i a t i o n  of an experiment, 
t h e  cy l inde r  i s  f i l l e d  with mercury s o  as t o  j u s t  cover t h e  p a r t i c l e  when t h e  p i s ton  
i s  i n  t h e  uppermost posi t ion;  t h e  mercury is  nonwetting on t h e  alumina s u b s t r a t e  
and w i l l  n o t  wick i n t o  t h e  c a t a l y s t  pores without considerable pressure.  P r i o r  t o  
an experiment, a small quan t i ty  of l i q u i d  hydrazine i s  placed above t h e  mercury 
which covers t h e  c a t a l y s t  p a r t i c l e .  To i n i t i a t e  an experiment t h e  p i s ton  i s  simply 
lowered t o  cause t h e  c a t a l y s t  p a r t i c l e  t o  be surrounded by the  l i q u i d  hydrazine. 
To determine t h e  residence time of l i q u i d  hydrazine wi th in  t h e  c a t a l y s t  pores, a 
high speed camera is used t o  i n d i c a t e  when t h e  gaseous decmposi t ion  products are 
expelled from t h e  p a r t i c l e .  Preconditioning of t h e  c a t a l y s t  by adsorption of s e l ec -  
t e d  gases o r  reduction of t h e  c a t a l y s t  i n  hydrogen or hydrazine can be performed i n  
t h e  r eac to r  cy l inde r  and t h e  p a r t i c l e  then can be submerged i n  t h e  mercury t o  avoid 
contaminating t h e  c a t a l y s t  with a i r  o r  water vapor. A gas feed tube i s  located 
immediately above the  c a t a l y s t  p a r t i c l e  t o  in su re  adequate exposure t o  t h e  precon- 
d i t i o n i n g  gases.  Temperature con t ro l  of t h e  r eac to r  t o  precondition t h e  c a t a l y s t  
or t o  e s t a b l i s h  i n i t i a l  conditions i s  accomplished using f o u r  coolant passages 
which extend t h e  l eng th  of t h e  r eac to r .  
The t e s t  s e t u p  and o p t i c a l  system a r e  shown i n  F i g s .  3 and 4. All u n i t s  a r e  
mounted on an aluminum p l a t e  f o r  precise  o p t i c a l  alignment. The l i g h t  from two 
Sylvania ClOOP zirconium a r c  lamps i s  projected through t h e  Pyrex window By 2.5 
inch (6.2 e m )  lenses  of 12 inch (30 em) f o c a l  length t o  t h e  mounted c a t a l y s t  p a r t i c l e  
t o  provide f r o n t  l i g h t i n g .  The i n t e r i o r  of t h e  r eac to r  immediately surrounding t h e  
c a t a l y s t  p a r t i c l e  i s  sandblasted t o  provide a con t r a s t ing  background f o r  t h e  ca t a -  
l y s t  and bubbles. A microscope object ive located i n  f r o n t  of t h e  window images 
t h e  c a t a l y s t  p a r t i c l e  d i r e c t l y  on t h e  f i l m  plane of a Mill ikan DMB 4B 16 mm high 
speed camera. A polaroid f i l t e r  a t tached t o  t h e  microscope serves t o  reduce g l a r e  
from t h e  r e a c t o r  window and walls, sharpening the  p a r t i c l e  image. Objective magni- 
f i c a t i o n  i s  accomplished with a 2 X  l ens  giving approximately 2 X  magnification a t  
3 
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t he  f i l m  plane through adjustment of object ive and camera pos i t ions .  The f i l m  
framing r a t e  is  500 f p s .  
100 f t  spool a t  500 f p s . )  Eastman Kodak Double-X Negative f i l m  and Eastman Kodak 
Ektachrome Color F i l m  were used to record the  experiments. The output from a Red 
Lake Laboratories,  Milli-Mite TLG-3 Timing Light Generator is supplied t o  a timing 
l i g h t  c i r c u i t  within the  camera t o  record accurate  timing marks on the f i l m  every 
10 msec. 
(Approximately 8 see  of elapsed time i s  a v a i l a b l e  per  
Catalyst  Prec ondi t  i oning 
The presence of adsorbed gases such as oxygen and deposi ts  of metal  salts with- 
i n  c a t a l y s t  p a r t i c l e s  was found i n  previous s tud ie s  (Refs. 1 and 2) t o  inf luence 
the  s t a r t u p  c h a r a c t e r i s t i c s  of hydrazine c a t a l y t i c  reac tors .  This d i r e c t  e f f e c t  
on c a t a l y s t  a c t i v i t y  can obscure the  e f f e c t  of other parameters such as temperature. 
For example, data obtained i n  a s e r i e s  of l i q u i d  penetrat ion experiments aimed a t  
determining the  e f f e c t  of i n i t i a l  hydrazine/catalyst  temperature on the  induction 
period is  shown i n  Table I. The induction period w a s  considered t o  be the  time 
elapsed from i n i t i a l  contact  of the  c a t a l y s t  p a r t i c l e  with the  l i q u i d  hydrazine t o  
the  f i r s t  ind ica t ion  of rapid expulsion of decomposition products from the  p a r t i c l e .  
TABLE I 
PRFLIMINARY LIQUID PENETRATION EXPERIMEFJTS 
Effect of I n i t i a l  Temperature 
On Induction Period 
I n i t i a l  Temperature 
deg F 
33 
39 
45 
52 
71. 
73 
While the induction periods shown i n  Table 
Induction Period 
see  -
3.10 
2.38 
1.07 
1.03 
0.73 
0.22 
I exh ib i t  the same t rend as observed f o r  
instrum.ented hydrazine reac tor  f i r i n g s  (Ref. S) ,  the  induction periods for these  
l iqu id  penetrat ion experiments a r e  considerably longer and far less cons is ten t .  
Althohgh absolute  d i f fe rences  i n  induction periods may be due t o  d i f fe rences  i n  
degree of wetting of p a r t i c l e s ,  the inconsis tencies  a r e  more l i k e l y  a r e s u l t  of 
v a r i a t i o n s  i n  the  i n i t i a l  c a t a l y s t  condi t ion.  
4 
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While the ideal catalyst preconditioning procedure would produce a catalyst 
particle condition identical to that produced during a given reactor shutdown tran- 
sient, the catalyst condition in a real reactor cannot be precisely identified. In 
order to produce a reproducible reference catalyst particle condition, a precondi- 
tioning procedure was developed in which a particle was reduced in hydrogen at a 
relatively high temperature and then cooled to room temperature in a nitrogen atmos- 
phere. At this point in the preconditioning, the catalyst was found to be extremely 
active as indicated by an induction period in liquid penetrationexperiments of less 
than 8 msec at a temperature of 36 deg F. Hydrogen reduction and cooling in nitro- 
gen apparently "clean" the catalyst, leaving active sites free of adsorbed gases 
which inhibit catalytic reaction. 
The next step in the preconditioning procedure was to adsorb a selected gas 
on the catalyst at a fixed temperature and pressure. The object of this step was 
to study the effect of adsorbed gases on the induction period and to more closely 
approximate the catalyst condition in a real hydrazine catalytic reactor. 
investigated here were the hydrazine decomposition products and C02. 
had no effect on the catalyst activity others produced increases in the induction 
period of up to several seconds; these studies are discussed in detail in the 
Results and Conclusions section. 
The gases 
While some gases 
Experimental Technique 
It is obvious that if positive conclusions are to be made from liquid penetra- 
tion experiments regarding ignition characteristics of hydrazine catalytic reactors, 
consideration must be given to the effects of mercury on catalyst activity. 
catalyst particles which had been hydrogen reduced at high temperature and cooled in 
a nitrogen atmosphere, the effect of mercury on catalyst activity was studied rela- 
tive to the experimental procedures employed. While immersion of a catalyst particle 
in liquid mercury at room temperature and one atmosphere pressure for as long as two 
days had very little effect on the induction period measured in liquid penetration 
experiments, evacuation of a catalyst particle to a pressure of approximately 
lo'* torr in the presence of mercury for a period of only 15 minutes caused considerable 
catalyst poisoning. 
on gas diffision rates. Since gas diff'usion coefficients vary inversely with pres- 
sure at low pressures, the rate of diffusion of mercury molecules would increase by 
nearly five orders of magnitude over the pressure range considered here. Without 
actually knowing the mechanism of catalyst poisoning by mercury, it appears that 
this poisoning process is diffusion controlled and can be avoided during catalyst 
preconditioning within the liquid penetration reactor by keeping the reactor pressure 
near or above one atmosphere. Flowing gases through the gas feed tube positioned 
immediately above the catalyst particle also serves to prevent appreciable diff'usion 
of mercury to the catalyst particle; this is especially important during the high 
temperature hydrogen reduction step since diffusion coefficients increase with tempera- 
ture. 
Using 
These results can be explained by noting the effect of pressure 
Considering the possible deleterious effect of mercury on the catalyst and the 
5 
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necess i ty  f o r  p r e c i s e  c a t a l y s t  conditioning, a s tandard experimental procedure was 
es tab l i shed .  
aimed a t  obtaining reproducible r e s u l t s ,  was used f o r  a l l  experiments discussed i n  
the  succeeding sec t ion .  Af t e r  mounting a f r e s h  S h e l l  405 c a t a l y s t  p a r t i c l e  ( type 
ABSG, 14-18 mesh) i n  t h e  l i q u i d  pene t ra t ion  r eac to r  and a l ign ing  t h e  photographic 
system t h e  s tandard experimental  procedure was as follows: 
This experimental procedure, which evolved a f t e r  numerous modifications 
1. With t h e  p i s ton  i n  t h e  up pos i t i on ,  l abora tory  grade mercury 
w a s  added t o  t h e  r eac to r  u n t i l  t h e  c a t a l y s t  p a r t i c l e  w a s  
3 inch below the  mercury surface.  
2. Af t e r  lowering t h e  p i s t o n  t o  expose t h e  c a t a l y s t  p a r t i c l e ,  
t h e  r eac to r  was heated t o  400 deg F and held a t  t h i s  condi- 
t i o n  f o r  $ hour while purging t h e  r eac to r  w i t h  hydrogen 
preheated t o  200 deg F; t h e  b d r o g e n  exhaust was burned 
a t  t h e  vent  t o  prevent a i r  from d i f fus ing  i n t o  t h e  r eac to r .  
3. The r eac to r  was cooled t o  room temperature by flowing a i r  
and then  water through t h e  cool ing passages while purging 
t h e  r eac to r  with ni t rogen.  
4. When studying t h e  e f f e c t s  of  adsorbed gases, t h e  r eac to r  
was pressur ized  t o  a given l e v e l  with t h e  se l ec t ed  gas ( N  
C02, NH3, or H2) and maintained f o r  $ hour while at  a 
des i r ed  temperature. 
2’ 
5. The r eac to r  was evacuated t o  250 mm Hg f o r  15  minutes while 
feeding ni t rogen i n t o  t h e  r eac to r ,  and then t h e  mercury 
l e v e l  w a s  r a i sed  over t h e  c a t a l y s t  p a r t i c l e .  
6. The remaining volume of the  r e a c t o r  was f i l l e d  with l i q u i d  
hydrazine and the  e n t i r e  setup was cooled t o  t h e  se l ec t ed  
experiment temperature. 
7. The arc lamps were turned on, t h e  movie camera s t a r t e d ,  and 
the  p i s t o n  lowered gent ly  t o  complete an experiment. 
One o f  t h e  primary development ob jec t ives  necessary f o r  t h e  l i q u i d  pene t ra t ion  
experiments was t h e  achievement of q u a l i t y  photographic r e s u l t s .  
photography produced with t h e  se l ec t ed  system, which was descr ibed i n  t h e  Experimen- 
t a lAppara tus  sec t ion ,  i s  presented i n  Fig.  5*. The photographs shown i n  Fig.  5 were 
copied from indiv idua l  frames of  a movie f i l m  made during a l i q u i d  pene t ra t ion  
A sample of t he  
*Unfortunately some d e t a i l  i s  l o s t  i n  the  process  of producing photographs from 
movie f i lm.  
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experiment using a c a t a l y s t  p a r t i c l e  which had been hydrogen reduced and t e s t e d  at  
36 deg F i n  the  so-cal led reference condition. 
evidence of the  "c l ean" . ca t a lys t  condition produced by hydrogen reduction; these  
and other  r e s u l t s  w i l l  be discussed i n  d e t a i l  i n  t he  next sec t ion .  
The extremely rap id  reac t lon  i s  
The s e r i e s  of photographs i n  Fig.  5 c l e a r l y  shows the  sequence of events which 
occur as l i q u i d  hydrazine surrounds the  c a t a l y s t  p a r t i c l e .  The per iod of time 
elapsed from i n i t i a l  contact  of the  c a t a l y s t  p a r t i c l e  w i t h  l i q u i d  hydrazine t o  
r ap id  o r  sometimesviolentexpuls ion of decomposition products was taken a s  the  
induction per iod  o r  l i q u i d  hydrazine residence t i m e  within the  pores of the  c a t a l y s t  
p a r t i c l e .  Photographic r e s u l t s  from experiments with l e s s  ac t ive  c a t a l y s t  p a r t i c l e s  
usual ly  showed t i n y  bubbles r i s i n g  from t h e  p a r t i c l e  throughout the  induction per iod;  
these bubbles appeared t o  be produced i n  l a r g e  crevice- l ike pores a t  t he  p a r t i c l e  
surface.  This slow re l ease  of bubbles terminated w i t h  the  rapid r e l ease  of l a rge  
bubbles which continued inde f in i t e ly .  
Fig. 6. 
This t y p i c a l  behavior i s  i l l u s t r a t e d  i n  
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RESULTS AND CONCLUSIONS 
Based on t h e  a n a l y t i c a l  and experimental s tud ie s  reported i n  Ref. 1, observed 
i g n i t i o n  delays and subsequent chamber pressure  excursions i n  hydrazine c a t a l y t i c  
r eac to r s  have been ascr ibed  t o  l i q u i d  hydrazine wet t ing t h e  outs ide  sur faces  o f  
t h e  porous c a t a l y s t  p a r t i c l e s  and wicking i n t o  t h e  pores  by c a p i l l a r y  flow u n t i l  
s u f f i c i e n t  gas pressure  i s  generated by r eac t ion  t o  expel t h e  l i q u i d .  I n  an 
attempt t o  provide q u a n t i t a t i v e  measurements of t h i s  phenomena, experiments were 
conducted t o  determine l i q u i d  hydrazine residence times as a func t ion  of t h e  
adsorbed gas condi t ion of t h e  c a t a l y s t  and t h e  l i q u i d  hydrazine/catalyst  tempera- 
t u r e .  
The gases se l ec t ed  f o r  study of t h e i r  e f f e c t s  on t h e  l i q u i d  hydrazine residence 
t i m e  when adsorbed on t h e  porous c a t a l y s t s  were t h e  hydrazine decomposition pro- 
ducts:  ammonia, n i t rogen  and hydrogen as we l l  as carbon dioxide because it had 
been s u g g e s t e d t h a t  carbon dioxide can i n h i b i t  t h e  hydrazine c a t a l y t i c  r eac t ion .  
summarize the  r e s u l t s  of t h e  adsorbed gas experiments, n i t rogen  and carbon dioxide 
had l i t t l e  o r  no e f f e c t  on t h e  c a t a l y s t  a c t i v i t y  while hydrogen and ammonia were 
found t o  have e f f e c t s  which va r i ed  s i g n i f i c a n t l y  with t h e  gas condi t ioning pressure.  
To 
With regard t o  n i t rogen  and carbon dioxide,  gas pressures  as high as 300 p s i a  
during t h e  adsorpt ion s t e p  had only a s l i g h t  e f f e c t  on t h e  c a t a l y s t  a c t i v i t y  observed 
from l i q u i d  pene t ra t ion  experiments. The photographic sequence shown i n  Fig.  7 was 
filmed during an experiment a t  41 deg F with a c a t a l y s t  p a r t i c l e  which had been 
conditioned i n  carbon dioxide a t  300 ps ia ;  t h e  f i lms  of  o the r  experiments using 
c a t a l y s t  p a r t i c l e s  conditioned. i n  both ni t rogen and carbon dioxide show e s s e n t i a l l y  
the  same r e s u l t s  as Fig.  7. The induct ion per iod as indica ted  i n  Fig.  7 by t h e  
sudden expulsion of  decomposition products from t h e  c a t a l y s t  pores i s  observed t o  
be l e s s  than 10 msec. A comparison of  Fig.  7 with t h e  corresponding photographic 
r e s u l t s  i n  Fig.  5 f o r  a c a t a l y s t  p a r t i c l e  i n  t h e  reference condi t ion demon- 
s t r a t e s  t h a t  n i t rogen  (or carbon dioxide)  has no appreciable  e f f e c t  on c a t a l y s t  
a c t i v i t y .  
While the  e f f e c t s  of n i t rogen  and carbon dioxide on c a t a l y s t  a c t i v i t y  a r e  
s t ra ightforward,  t h e  e f f e c t s  o f  hydrogen and ammonia a re  considerably more complex. 
The r e s u l t s  of  a s e r i e s  of experiments conducted with c a t a l y s t  p a r t i c l e s  which had 
been conditioned a t  var ious  hydrogen pressures  a r e  summarized i n  Table 11. 
8 
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TABU I1 
LIQUID PENETRATION EXPERIMENTS 
Effect Of Catalyst Conditioning In 
Hydrogen On The Induction Peri.od 
Hydrogen Conditioning 
Initial Induction 
Pressure Temperature Temperature Period 
psia deg F deg F msec 
300" 75 44.6 > 5000 
150 75 41.0 2120 
50 75 41.0 470 
30 75 44.6 55 
15 75 42.8 15 
Apparently exposure to hydrogen at high temperatures (200 to 400 deg F) pro- 
duces a "clean" catalyst since catalyst particles conditioned in this manner are 
found to be more active than "as received" particles (see Fig. 5 ) ,  whereas the 
effect of hydrogen conditioning at low temperatures (approximately 75 deg F) is 
to 
noted in Table 11. For the highest hydrogen conditioning pressure considered 
(300 psia), relatively little catalyst activity in terms of gas decomposition 
bubbles was observed from results of the liquid penetration experiment which are 
shown in Fig. 8. 
tioning pressure of one atmosphere, which are shown in Fig. 9, indicate only a 
slight effect on the catalyst activity and associated liquid hydrazine residence 
time when compared to those for the reference catalyst condition in Fig. 5. The 
pronounceddecreasein catalyst activity and resulting increase in the liquid hydra- 
zine residence time with increasing hydrogen conditioning pressure indicate that 
hydrogen physically adsorbes on the catalyst sites (perhaps after forming a chemi- 
sorbed layer). Similar conclusions regarding hydrogen adsorption we're discussed 
in a related work on hydrazine reactors (Ref. 2). 
inhibit catalyst activity with increasing hydrogen conditioning pressures as 
However, the results of an experiment based on a hydrogen condi- 
The results of liquid penetration experiments with catalyst particles which 
had been conditioned in ammonia indicate qualitatively that ammonia conditioning 
has a marked effect on the catalyst activity. However, the occurence of capillary 
condensation of ammonia within the catalyst pores complicates the evaluation of 
this effect; for example, ammonia at 70 deg F and 118 psia will condense in pores 
9 
smaller than 50 a radius. 
ated vapor conditions would result in substantial condensation of ammonia within the 
catalyst pores. 
in Table I11 as evidenced by the random variation of the induction period with tempera- 
Clearly, catalyst conditioning in ammonia at nearly satur- 
Capillary condensation was a factor in the first three tests cited 
ture. 
TABJB I11 
LIQUID PENETRATION EXPERIMENTS 
Effect of Catalyst Conditioning in Ammonia 
(with apparent condensation) A&@, 4 5 
4 
Q, on the Induction Period 
Hydrogen Conditioning 
Pres sure 
psia 
130 
130 
130 
13 5 
1-35 
20 
20 
Temperature 
deg F 
75 
75 
75 
125 
125 
75 
75 
Initial 
Temp e ratur e 
deg F 
37.9 
65.5 
73.8 
77.0 
81.1 
77.0 
73.4 
Induction 
Period 
msec 
360 
870 
470 
120 
290 
140 
< 20 
The remaining tests in Table I11 were conducted using ammonia conditioning 
pressures sufficiently l o w  and/or conditioning temperatures sufficiently high to 
obviate ammonia condensation. Although, the scatter in these results precludes 
quantitative definition of the effects of ammonia conditioning on the induction 
period, increasing ammonia conditioning pressure does appear to reduce catalyst 
activity. 
The results of liquid penetration experiments aimed at determining the quantita- 
tive effects of liquid hydrazine/catalyst temperatures on liquid hydrazine residence 
times appear to be obscured by the stronger effect of adsorbed gases discussed above. 
These results were obtained using catalyst particles conditioned with hydrogen, 
followed by vacuum evacuation at 250 torr; the objective here was to remove the 
physically adsorbed gas layers, leaving a chemically adsorbed layer which would pro- 
duce consistent catalyst activity. 
than those shown in Table I. 
This approach produced results no more consistent 
Hence, the effect of temperature can only be stated 
10 
qualitatively: 
increase in the liquid hydrazine residence time. 
decreasing liquid hydrazine/catalyst temperature causes a pronounced 
11 
DISCUSSION 
While the results in the previous section for the liquid penetration experiments 
exhibit the same general trends as reported in Ref. 1 for a hydrazine catalytic 
reactor, these experiments have not defined quantitatively the effects of catalyst 
condition and liquid hydrazine/catalyst temperature on the induction period. This 
deficiency in the liquid penetration experiments appears to be an inability to 
reproduce catalyst conditions which are comparable to those of a real 
catalytic reactor. 
is dependent on the previous reactor operating history, particularly the shutdown 
transient, simulation of this catalyst conditioning within the liquid penetration 
experiment apparatus would require a very complicated procedure. 
catalyst for liquid penetration experiments from a catalytic reactor with a given 
operating history seems to be the simplest approach. 
investigation, catalyst particles from a hydrazine reactor were not available be- 
cause restrictions on NASA funds forced cancellation of a parallel phase of this 
program which would have involved startup tests with an instrumented reactor. 
hydrazine 
Since the condition of the catalyst within a reactor at startup 
Obtaining conditioned 
Unfortunately, in the present 
While the present investigation has not completely realized its quantitative 
objectives, the results of this study suggest that future investigations of the 
startup and operating characteristics of hydrazine catalytic reactors sh.ould involve 
parallel liquid penetration experiments and tests of a hydrazine catalytic reactor. 
By subjecting the reactor to various operating histories with particular emphasis Gn 
the shutdown transient, and then by performing liquid penetration experiments with 
samples of catalyst from this reactor, the catalyst activity could be evaluated in 
terms of the induction period. 
in both gas expulsion and reactor cooling techniques. 
periods measured in liquid penetration experiments and in reactor startup tests 
should be made as a function of temperature. An additional study should be included 
to evaluate the possibility of decreasing the ignition delays of Wdrazine reactors 
by using a surfactant to lower the liquid hydrazine surface tension and thereby reduce 
the gas pressure required to force liquid hydrazine out of the pores of a catalyst 
particle. 
The shutdown transients should involve variations 
Comparison of induction 
It should be noted that poisoning 02 catalyst particles at low temperature by 
decomposition products can influence more than simply reactor startup characteristics. 
Adsorption of hydrogen and ammonia on catalyst particles and condensation of ammonia 
within catalyst pores could each lead to progressive deterioration of the catalyst 
bed. 
toward the reactor exit and ultimately by reactor "washout". Heating of the catalyst 
bed, perhaps simply by turning the reactor flow off and permitting the residual hydra- 
zine to decompose, is probably all that is necessary to restore catalyst activity; 
however, the poisoning process would limit the potential for long-term continuous 
reactor operation. 
This deterioration would be evidenced by motion of the liquid-vapor interface 
12 
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